ers, and an additional 0.5 to 1.0 million are undocumented migrant workers (Goldsmith, 1989) .
The term farmer refers to farm owners, operators, and workers. The farm operator or a farm family member may find employment off the farm to subsidize the farm income or to provide a means to offset health insurance costs. A farm operator may own or rent a farmstead or may be a non-resident employee.
The unique characteristics of this work group demand creative assessment techniques and prevention strategies . The occupational health nurse can help meet the needs of the farm population. Occupational health nurses provide services to the agricultural work force as direct providers of care to farm operators in large agricultural operations and workers in non-agricultural operations who derive part of their income from farming. The occupational health nurse promotes the health of agricultural workers and assists in maintaining a safe and healthful work environment.
The agricultural workplace is an environment where a wide variety of tasks and a diversity of operations take place. A better understanding of these processes will help the occupational health nurse identify potential risks to the health of the farm worker. This article focuses on animal confinement farm workers.
THE ENVIRONMENT OF ANIMAL CONFINEMENT
A distinction is often made between the agricultural environment and agribusiness. Agricultural pursuits are the activities associated with the production of food both for human and animal consumption. Agribusiness includes such activities as farm machinery manufacture, fertilizer and pesticide production, food processing, textile related activities, petroleum products distribution, and financial activities. Agriculture and agribusiness interface at many points and often overlap. One interface involves the use of animal confinement.
Modem agricultural methods have changed the way animals are raised. In years past, a picture of rolling pasture lands with contentedly munching and pecking animals came to mind when describing farm life. The scene for modem farms has changed. Today many animals, usually cattle, pigs, and poultry, live in densely populated facilities referred to as animal confinement buildings. An estimated one half million people are involved in swine confinement work, and another one half million are exposed to the confinement rearing of poultry, beef, veal, and dairy animals (Donham, 1984a) .
Confinement facilities are usually large enclosures with a separate holding area for animal waste. The purpose is to facilitate increased production with minimum labor. The wastes may drain through floor grates into a tank below the facility or be swept out and stored in a containment area outside the building. Hazards associated with these facilities primarily originate from the close contact between the animals and human workers and the wastes generated by the large number of animals in confinement.
POULTRY CONFINEMENT
In the United States in 1992 (the last year for which data are available), 119,394 farms raised poultry including hens, pullets, broilers, and other meat type chickens, turkeys, ducks, and geese (U.S. Census of Agriculture, 1992). Poultry operations involved at least one farm worker per farm (119, 394) and an additional 188,859 poultry processing workers in 1992; therefore, a minimum of 308,253 workers are potentially exposed to the health hazards of this unique environment each year (U.S. Census Bureau, 1992) .
Modem poultry farming generally involves fertilized eggs being transported to a hatchery where birds are hatched, sexed, and vaccinated. Female chicks, raised for egg production (layers), are reared in confinement until they approach egg production. The chickens are then placed in cages where they produce eggs for about 40 weeks.
Both sexes, hens and toms, can be raised for broilers. Under a contract agreement, a poultry processor may furnish chicks, feed, heating fuel, transportation, and consultation while the farmer supplies confinement houses, labor, equipment, and utilities. The farmer generally receives day old chicks from the company and cares for them until they are large enough to be collected for slaughter, which means broiler chicks (poults) are raised in confinement for about 4 to 6 weeks. For turkey operations, the 4 to 6 week old brooders need further maturation, so they are moved to a grower bam where they are raised until they reach 13 to 16 weeks of age. Workers, referred to as catchers or loaders, will then place the mature poultry into trucks for transport to the processing plant. APRIL 1996, VOL. 44, NO.4 The environment of most concern for this discussion is the long narrow buildings, referred to as confinement houses, used for maturing the birds. Designed for energy efficiency, only a portion of the building may be used initially when the young chicks or brooders are received. As the birds grow, a larger area is partitioned off, until the birds finally occupy the full building. Typically, 20,000 to 30,000 chickens or 10,000 turkeys are confined in each building. A grower may have several such buildings.
The concentration of birds per unit occupancy area varies, depending on type and age of bird and market demand. Industry standards for chickens result in an approximate concentration of birds per unit occupancy area of % foot per brooder. Turkey grower confinement houses typically provide 3 to 4 square feet per tom and 2 square feet per hen; brooder houses range from .5 to 1 square foot per turkey (Berg, 1985) . Total size of the confinement building may vary widely, but square footage per bird is maintained for best production.
Modem confinement buildings have automated feed and water systems, as well as heating. Fans are designed to tum on when the inside reaches a set temperature. Bedding or litter for absorption of poultry droppings may consist of wood chips, straw, peat, and peanut or sunflower hulls. The litter in the longer term turkey grower bams needs to be tilled routinely. Other tasks performed by poultry workers include removal of dead or injured birds, cleaning feed and water lines, collection of blood samples from birds, and vaccination of birds.
Tasks performed by the poultry confinement workers put them at varying risk due to differences in amount of exposure time in the building and dose of agent received. For example, grower turkeys are larger and may have a greater ability to raise dust than an equivalent number of the smaller poults. Also, during operations such as tilling, the worker remains in the environment longer and, by virtue of the task, increases the potential for exposure to airborne hazards. With dose and time differences noted, the following potential hazards have been studied in poultry confinement operations.
Poultry Health Hazards-Aerosols
Exposure of poultry workers to live birds results in potential respiratory insult from various allergenic and immunologic agents including nuisance dust (Lenhart, 1984 , Reynolds, 1993 Thelin, 1984) . These agents come in the form of animal dander, fecal material, litter or bedding, and animal feeds. Many of these aerosols also contain pollens and mold spores, readily grown in the warm humid atmosphere of confinement bams. These dusts are often of respirable size which may infiltrate to the lower respiratory tract.
Levels of airborne dust were measured in three poultry confinement houses by Jones (1984) in North Carolina. Researchers found total dust ranging from 0.02 mg/m'' in an unused area of a building housing 7 day old birds with new bedding or litter, to 11 mg/m" in the front portion of a confinement building housing 30 day old birds. The dust data from all of the houses showed a small but rather constant ratio. Of respirable to total dust of about 5%. In another study of a turkey confinement building in Minnesota, airborne dust levels measured over the course of a year ranged from 1.0 to 13.8 rng/rn", with respirable dust levels accounting for about 18% of total (Reynolds, 1993) .
Many factors influence the presence of airborne dust in poultry confinement. The higher levels in the Minnesota study (Reynolds, 1993) were noted in the winter months, accounted for by decreased ventilation during the cold weather due to energy and heat conservation. Ventilation also affected the Jones (1984) study. Fans directed air to the front of the buildings, concentrating particulates in that area.
The dust level distribution in the Jones (1984) study was expected. The house with the larger, more active 30 day old birds presented higher levels of dust. Older birds have been associated with higher airborne dust, microorganisms, and endotoxin concentrations in confinement (Dutkiewicz, 1978; Jones, 1984) . Also old litter, which is essentially dried manure, is dustier due to the increase in friability when compared to newer wood chip litter (Jones, 1984) .
A variety of immunogenic agents, such as viable bacteria and gram negative bacterial endotoxins, is present in poultry barns (Lenhart, 1984; Olenchock, 1990) . Due to the non-standardized nature of the farming industry, a wide range of endotoxin levels has been reported in the literature (Jones, 1984; Olenchock, 1990) . Harvesting, transporting, storing, and processing agricultural products, unloading grain storage bins, chopping livestock bedding, and raising livestock have been associated with adverse respiratory effects in farm workers and those exposed to endotoxin containing dusts from these operations (Olenchock, 1990; Thelin, 1984) .
Similar levels of airborne endotoxins have been associated with flu like symptoms in people in cotton industry agricultural operations (Donham, 1977; Rylander, 1978) . Although the materials that generate the farm dusts are distinctly different from cotton dusts, the high airborne endotoxin concentrations represent a potential for respiratory disease in farm operators and workers (Olenchock, 1990) .
Poultry farm workers have experienced respiratory symptoms and immunologic changes. Prolonged inhalation of organic dust (feces, feathers) may lead to hypersensitivity lung diseases (extrinsic allergic alveolitis). Symptoms such as coughing, producing sputum, and wheezing have been noted (Morris, 1991; Reynolds, 1993) . In a study of 109 slaughter house workers, 93 farm workers and 100 controls, coughing and expectoration were noted in 8.2% of the slaughter house workers, 10.7% of the farm workers, and only 5% of the controls. Wheezing was significantly higher among the poultry farm workers than the other study subjects.
The farm workers were exposed for longer periods under more severe working conditions full of dust (from the mixed food fed to the chickens, from the sawdust and hay) and ammonia from the chickens' bedding (Tudor, 1985) . Data also suggested that repeated acute attacks may lead to chronic pulmonary fibrosis (Boyer, 1974) .
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Infectious respiratory conditions identified in (he poultry industry include psittacosis, aspergillosis, and histoplasmosis. Psittacosis is characterized by fever, chills, headache, myalgias, and upper or lower respiratory tract disease. Cough is initially absent or non productive when present; sputum is mucopurulent and scant. Although usually mild or moderate, psittacosis can be severe, especially in untreated older workers. Few diagnostically useful signs or symptoms occur in persons with psittacosis (Benenson, 1990) . A history of exposure to birds, in an individual with flu like illness, appears to be the single best clue for this disease (Kuritsky, 1984) . Sporadic cases and outbreaks of psittacosis, associated with the agent of Chlamydia, have been reported primarily in workers who are exposed to aerosolized droppings of turkeys, chickens, ducks, pigeons, and pet birds (Hedberg, 1989; Hinton, 1993) .
Aspergillus fumigatus, a fungus associated with hay that has been stored when damp, is among the major causes of loss facing the turkey industry. This fungus is most commonly thought of in relation to the turkeys' health, as a cause of airsacculitis (Mulhausen, 1987) . However, aspergillosis is also a fungal disease in humans which may present with a variety of clinical syndromes produced by several of the fungal species. Persons with asthma and allergy to the aspergilli may develop bronchial damage and intermittent bronchial plugging. Pneumonic aspergillosis may also occur. Aspergillosis has long been recognized as a problem among immunosuppressed or impaired individuals (Benenson, 1990) .
Histoplasmosis outbreaks have occurred in workers with common exposure to bird droppings or recently disturbed contaminated soil. Soil around old chicken houses may harbor these fungi. Growth of the organisms in soil produces spore forms resulting in infection in humans from inhalation. Infection is common, but overt clinical disease is not. Clinical and radiologic chronic pulmonary effects can resemble chronic pulmonary tuberculosis. A histoplasmosis skin test is helpful in identifying populations exposed to the fungi for epidemiologic studies, but not in diagnosing active disease (Benenson, 1990) .
Antibiotics have been used in livestock production, either as growth promoters or as prophylactics. While these drugs are given under strict guidelines, concern has risen about workers acquiring drug resistant organisms from the poultry they farm (Kotova, 1988; Ojeniyi, 1989) . A study in the USSR reported that humans developed the Salmonella carrier state (42.6%-S. enteritidis, 34.4%-S. dublin) after acute salmonellosis and as a result of occupational exposure to poultry (Kotova, 1988) .
Sixteen percent of the hens and 12% of the ducks studied were infected with salmonella. Multiple drug resistance to antibiotics was demonstrated in the salmonella isolated from the poultry (Kotova, 1988) . A study reported in the Communicable Disease Registry also suggested that occupationally acquired infection (S. typhemurium) in farmers and their families may be associated with the national increase in salmonella cases (Fone, 1994) .
Poultry Health Hazards-Gases
Gases are produced by the degradation of droppings, animal respiration, and building operations. Some of these gases include ammonia, carbon dioxide, carbon monoxide, and hydrogen sulfide. While each may affect respiratory health, carbon monoxide and hydrogen sulfide are generally found to be below detection levels in poultry operations (Jones, 1984; Leistikow, 1989) .
Carbon dioxide (C0 2 ) is formed by animal respirations and manure fermentation and as a byproduct of gas flame heaters. While elevated CO 2 levels may result in asphyxiation, levels in poultry confinement have been found to be low or undetectable and do not appear to cause acute pulmonary distress in these workers (Leistikow, 1989) .
Ammonia is the gas of most concern to worker health in poultry houses. Ammonia is formed from uric acid breakdown and creates a respiratory toxicant (Manninen, 1989) . Ammonia, in addition to being an upper respiratory irritant, can absorb onto respirable particles in humid environments such as those found in confinement buildings. Poultry workers report varying levels of eye and respiratory tract irritation. Seasonal average ammonia levels have been shown to exceed the American Congress of Governmental Industrial Hygienists (ACGIH) recommended Threshold Limit Value during fall and winter seasons for some operations (Mulhausen, 1987) . Ammonia levels also appear to increase as the length of time since litter removal increases, as ventilation decreases (Jones, 1984) , and as the age of the birds increases (Leistikow, 1989) .
SWINE CONFINEMENT
During the late 1960s and 1970s many swine producing farmers chose to enlarge and specialize their farms through the use of intensive livestock management systems (Donham, 1990b) . The function of the management systems is to facilitate increased production of swine from farrowing to finishing, with minimum labor. In the United States, approximately 75% of swine are raised in confinement buildings (Schwartz, 1992) . These densely populated buildings produce a concentration of noise, gases, and aerosols that can alter the health of swine confinement workers.
Buildings within the livestock management systems include one or several confinement buildings which are enclosed structures densely stocked with swine. Livestock management systems that include all stages of swine growth can contain up to five buildings, one building for each stage of growth. The stages of swine growth are categorized as: lactating sow and offspring, prenursery (10 to 30 lbs); nursery (30 to 75 lbs); growing (75 to 150 lbs); and finishing (150 lbs-market). The dimensions of the pens within the buildings are dependent on the size and quantity of swine contained within them.
The National Pork Producers Council (National Pork Producers Council [NPPC], 1992) recommends that during the prenursery stage of growth, 1.7 to 2.5 square feet are allowed per swine. The recommendation for the finishing stage is 8 square feet per swine. It is typical for APRIL 1996, VOL. 44, NO.4
The occupational health nurse promotes the health of agricultural workers and assists in maintaining a safe and healthful work environment.
growing and finishing pens to contain approximately 10 to 40 swine. While some confinement buildings have automated feed and water systems, others depend on floor feeding at various stages of growth by workers. This task, often in combination with grinding feed, puts the farm worker at varying risks based on exposure time and dose. Other tasks performed by the swine confinement worker include cleaning pens, vaccinating swine, and removing or transferring animals.
To maintain cleanliness within the confinement building, special attention is given to manure management. The building floors are typically slatted to allow for quick separation of excrement from the swine to a holding tank or pit beneath the flooring. Management of animal waste products involves tasks with real and potential risks to the farm worker. Periodically, the manure must be removed from the holding tank. This involves agitation and removal by a pumping system. The slurry or liquid must then be transferred to a movable tank that can be used for applying the slurry for fertilizer. The gases created by the fermenting manure are readily released during this process.
Swine Health Hazards-Gases
The major source of hazardous gases in swine confinement buildings is produced from or emitted from the liquid manure contained in the pits beneath the slatted flooring. A minor source of hazardous gases is the building materials (NPPC, 1992) . One study estimated that there were 500,000 workers exposed to liquid manure (Donham, 1977) . The gases within and arising from the pits that pose the greatest health hazards are hydrogen sulfide, carbon dioxide, methane, and ammonia.
Hydrogen sulfide is heavier than air, and is therefore highly concentrated in the pit. Elevated levels of this gas are produced during agitation of the manure, which occurs when the manure is pumped into a storage container. Exposure to the elevated levels can result in pulmonary edema or sudden death from acute poisoning (Donham, 1990a) . A swine farmer may be able to detect the odor of low level hydrogen sulfide, but levels above 150 ppm may paralyze the olfactory system, and the danger may go undetected. While swine confinement farmers can experience sudden death from acute exposure to high levels of hydrogen suffice, death can also occur from drowning when a farmer is asphyxiated upon exposure to the hydrogen sulfide and falls into the excrement. A large proportion of fatalities in such pits has been experienced by rescue workers.
Carbon dioxide is produced by animal respiration.
CO 2 is also heavier than air and concentrates within the liquid manure pit. The CO 2 concentration has been shown to cause a reduction of oxygen levels to 10% after 6 to 8 hours (Donham, 1977) . Levels above 5,000 ppm can result in asphyxiation. However, acute anoxia at much lower concentrations is known to cause rapid impairment of judgment and is a potential factor in falls into the excrement and resultant drownings (Crapo, 1989) . Methane gas can accumulate in the air of swine confinement buildings and pose an explosion hazard. The gas becomes flammable at 1,000 ppm (NPPC, 1992) . Exposure to methane gas can also cause asphyxiation at levels above 1,000 ppm.
Ammonia can accumulate in the air of swine confinement buildings. Levels have been reported at 9 ppm (Holness, 1987) . However, levels high enough to cause serious toxicity have not been documented . Ammonia can absorb onto respirable particles in humid environments. Some swine confinement farmers set a higher relative humidity level within buildings in an attempt to lower dust levels. Inhalation of ammonia primarily causes irritation to the eyes and upper respiratory tract.
Swine Health Hazards-Aerosols
Swine activity within confinement buildings can disperse large quantities of dusts into the air. The primary source of the dust is feed. The dust concentration in air within the buildings is affected by many factors including relative humidity, air velocity, type of feed, and methods by which feed is handled (NPPC, 1992) . Respirable dusts within confinement buildings alter the respiratory health of swine farmers. The alterations range in symptoms from mild upper airway irritation to organic toxic dust syndrome and chronic bronchitis.
Many studies have found upper airway inflammation to be a problem with swine confinement farmers. Common signs include irritation to the nose and throat. More significantly, signs of bronchial irritation also have been documented in these individuals. A cross sectional study of 24 eastern Iowa swine confinement workers found 75% reporting bronchitis symptoms associated with work in confinement buildings. Significant deficits in respiratory function such as chronic cough, phlegm production, and wheezing were noted in these workers when compared with a control group of swine workers who did not employ confinement methods (Donham, 1984b) . The two groups did not differ significantly in age, length of time in farming, or smoking habits.
Bronchoscopies have been performed in swine confinement farmers to determine the respiratory health of the bronchial mucosa. Pedersen (1990) examined the bronchial mucosa of 26 large scale swine confinement farmers who volunteered for bronchoscopy. The results of the study revealed 17 of these individuals (mean age: 38 years) had pronounced signs of bronchial inflammation.
Organic dust toxic syndrome (ODTS) was reported by in nearly 20% of swine confinement workers. Donham's (1990) 5 year prospective investigation of 207 swine confinement farm workers with a comparison group of 158 non-confinement farmers revealed 202 that both groups (34% and 42%, respectively) repel ted episodes of this syndrome 2 to 6 hours after a dust exposure, have you ever had a sudden onset of flu like illness with two or more of these symptoms: fever, chills, muscle aches, cough, chest tightness, or shortness of breath?
Although there was no difference between the two farmer groups, there was a significant difference when both groups were compared to the 150 blue collar controls, of whom only 7% reported ODTS.
Chronic bronchitis can be derived from many environmental factors. However, in swine farmers chronic bronchitis has been associated with inhaling the dust of fodder fed to swine (Vohlonen, 1987) . defined grain as the main ingredient in swine fodder and stated that it is typical for farmers to thresh and mill the fodder themselves before feeding it to their swine. Zhou (1991) found that swine confinement workers had increased acute and chronic respiratory symptoms. The study also found that, upon spirometry examination, swine farmers had lower baseline levels of FEVI and FVC when compared to control groups. The ability to move air in and out of the lungs is impaired in the presence of a developing lung disease such as chronic bronchitis. Zejda (1993b) reported swine confinement farmers had more symptoms of chronic bronchitis and lower baseline levels of FEVI when compared to grain farmers and nonfarming subjects. Vohlonen (1987) found that when rates for chronic bronchitis in farm workers were adjusted by age, gender, smoking habits, and atopic background, those who tended swine had the largest prevalence and incidence of the disease. Vohlonen (1987) concluded that tasks associated with tending swine, especially handling grain containing fodder, attributed to 50% of the risk for developing chronic bronchitis.
When respirable dust levels in the air are relatively low, endotoxin levels strongly relate to respiratory signs and symptoms. This suggests that even when strategies for controlling dust in confinement buildings are implemented, swine farmers are still at risk for respiratory alterations (Zejda, 1994) . The results of a study by Zejda (1994) indicated that the endotoxins in the air of swine confinement buildings were responsible for chronic respiratory symptoms, including cough, phlegm, and wheeze in swine farmers. A swine farmer was defined as "a person spending 2 hours or more per day in an enclosed animal confinement building with 200 or more swine." The effects of airborne endotoxins were examined and compared to respiratory symptoms and baseline lung function in a non-random sample of 46 male swine producers selected from the Saskatchewan Pork Producers Marketing Board registry. Lower baseline lung function was present in this group, and about 5% of these farmers experienced chronic bronchitis (Zejda, 1994) .
Swine Health Hazards-Noise
Noise from animals, especially during tending, cannot be avoided in swine confinement buildings. Squealing swine can produce high pitched noise levels as high as 110 decibels (NPPC, 1992) . Noise induced hearing loss may occur at noise levels of 85 decibels measured over an 8 hour time weighted average (Kristensen, 1988 ).
Depending on the task and hours of exposure in a swine confinement building, a worker could be at risk for noise induced hearing loss if proper hearing protection is not worn. For example, during feeding, shrieking and squealing from the swine can be so intense that it causes noise levels to be constantly above 90 decibels, with variations between 95 and 104 decibels. Also, grinding and milling fodder fed to swine account for noise levels of 88 decibels. Finally, the general cleaning procedures of the confinement buildings, which include using a high pressure cleaner, can produce noise levels of approximately 98 to 105 decibels (Kristensen, 1988) .
ROLE OF THE OCCUPATIONAL HEALTH NURSE
Modern agricultural methods have changed the way animals are raised. Large enclosures with separate holding areas for animal waste are used in poultry and swine production. The use of confinement buildings poses unique health concerns for the farm worker.
Aerosols from animal dander, fecal material, bedding, and animal feeds result in potential respiratory insult. Allergenic and immunologic agents including nuisance dust are common. Gases are produced during degradation of fecal matter, animal respiration, and building operations. Gases such as ammonia can result in acute irritant effects, and hydrogen sulfide has been associated with fatalities in confinement operations. Noise from animals and operations can also reach levels well above those recommended for safe working conditions. The concentration of gases, aerosols, and noise within confinement buildings can alter the health of the over one half million people who are involved in confinement work. Considering only the signs, symptoms, and disease processes of these farmers does not reflect the economic hardships to a farm family that occur if the primary farm worker is unable to work. Because there is no regulatory body to enforce protection for family operated farms, it is essential for occupational health nurses in rural communities to become knowledgeable of the occurrence and causes of disease in these farmers. This knowledge provides the basis for assessment of a farming community to determine the need for preventive programs both at the farm site and in businesses that employ the farm worker and family.
The occupational health nurse is in a unique position in the rural community to enhance confinement farm workers' awareness of risks, teach safety principles, and provide resources for prevention. Educational interventions targeted to confinement workers have been shown to affect self reported behavior (Gjerde, 1991) . Conducting educational sessions for workers on hazards of confinement farming informs the worker of the potential dangers. The occupational health nurse also provides agricultural health and safety materials from resources such as the Cooperative Extension Service and the National Institute for Occupational Safety and Health. APRIL 1996, VOL. 44, NO.4 The occupational health nurse is in a unique position in the rural community to enhance confinement farm workers' awareness of risks, to teach safety principles, and to provide resources for prevention.
Health status of confinement workers can be affected by the use of personal protective equipment such as respirators (Zejda, 1993a) . Farm workers may not know where to get these devices, what types are needed, or the proper fit or maintenance for protection. The occupational health nurse can provide personal protective equipment or access to suppliers to promote respiratory and hearing protection.
Personal protective equipment should not be a substitute for effective engineering controls. Design and engineering of confinement buildings for adequate ventilation and systems for handling animals, bedding, feed, and manure is available in the industry and can reduce levels of hazardous gases and dusts (Watson, 1986) . The occupational health nurse assesses the need for these controls and provides resources to institute change.
Elimination and control of unsafe levels of aerosol, gas and noise hazards, protection of workers from exposure, and education of farm workers on the potential dangers of raising swine and poultry in confinement are methods employed by the occupational health nurse to reduce illness and injury in this unique agricultural industry.
